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[57] ABSTRACT 

To more accurately and more simply realize data collection 
and analysis for analyzing fatigue phenomenon of materials 
by the Rain?oW Method, strain signals from a strain detect 
ing means attached to an object for analyzing fatigue is 
A/D-converted at predetermined intervals, a peak of the 
A/D-converted strain signal is sampled, the peak value is 
detected, a valley is sampled, the valley value is detected, 
the difference betWeen the peak value and the valley value 
is calculated, count values for respective levels are calcu 
lated in accordance With the magnitudes of the differences 
and the count values at the respective levels are Written to a 
memory card detachably provided to the main body of the 
device of sampling data. 

2 Claims, 5 Drawing Sheets 
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DEVICE FOR SAMPLING DATA FOR 
FATIGUE ANALYSIS BY RAINFLOW 

METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a device for sampling data 

for fatigue analysis data in respect to repeated strain of a 
material, such as metallic materials, polymer materials, 
ceramics and the like, in Which a fatigue phenomenon is 
caused by a long period of application of repeatedly ?uc 
tuating loads, and speci?cally relates to a technology of 
data-processing and recording measured strain and its fre 
quency by Rain?oW algorithm for analyZing the fatigue 
phenomenon. 

2. Description of Related Art 
With regard to fatigue ruptures of metals or other mate 

rials of airplanes, vehicles, various machines, plants and 
buildings, the Rain?oW Method has been knoWn as a means 
for evaluating the in?uence on fatigue of repeated loads 
applied on various portions of structures. The Rain?oW 
Method is an algorithm for decomposing and processing 
Waveforms of complicatedly varying stress or strain in 
correspondence With fatigue phenomena. 

The Rain?oW Method is described in, for example, “In 
situ Measurement of Fatigue Life by the Rain?oW Method”, 
NIKKEI MECHANICAL 1979. 10. 15, pp. 70—76, Endo T. 
et al., proceedings of the 1974 Symposium on Mechanical 
Behavior of Materials, vol. 1, p. 371, 1974, or the like. 

According to the Rain?oW Method, the strain Waveform 
is A/D-converted and a difference P/V betWeen a value P of 
a peak of the strain Waveform and a value V of a valley 
thereof is calculated and processed based on the Rain?oW 
algorithm, mentioned later, Whereby the fatigue damage is 
calculated. 
A monitoring device for fatigue damage based on the 

principle of the Rain?oW Method is disclosed in Japanese 
Patent Publication No. Sho 61-028090. 

The monitoring device is constituted by a sampling unit, 
an A/D converting unit, a data collection pretreating unit 
such as input cue, a data analyZing unit for decomposing and 
synthesiZing Waveforms and a display unit for displaying 
fatigue damage from an output resistor by numerical values, 
Whereby the analysis of fatigue phenomenon by the Rain 
?oW Method is realiZed. 

HoWever, the monitoring device disclosed in the publi 
cation has the folloWing points yet to be improved. 

(1) The device per-se is excessively large, since the same 
device carries out operations ranging from sampling strain 
signals to analyZing data and outputting the situation of 
fatigue damage. Therefore, attachment and installation of 
the device becomes dif?cult and measurement of data 
becomes impossible, depending on the kind of machine to be 
measured. 

(2) The amount of data is enormous, since all the sampled 
strain signals are stored in a memory, making it dif?cult to 
sample data over a long period of time. Further, When the 
sampling interval is changed, the time period capable of 
sampling data varies With a memory having the same 
capacity and therefore, the management of data is dif?cult to 
perform. 

(3) When the object of monitoring is a rotating body such 
as a shaft or a Wheel, data must be sampled by rotating the 
detecting unit. HoWever, the device cannot be attached 
directly to the object for monitoring since the device is 
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2 
large-scale and therefore, transmitting via a slip ring or FM 
Wave is necessary. Accordingly, the reliability of data may 
be deteriorated by ambient noise. 

(4) An enormous amount of processing time is required 
since extracting P/V values from sampled data and process 
ing steps by complicated calculating formulas for stratifying 
the P/V values are indispensable for Rain?oW processing. 

SUMMARY OF THE INVENTION 

Hence, it is an object of the present invention to resolve 
the problems in the conventional device of analyZing fatigue 
phenomenon by the Rain?oW Method, and to more accu 
rately and more simply realiZe collection and analysis of 
data for analyZing fatigue phenomena of materials by the 
Rain?oW Method. 

According to a ?rst aspect of the present invention, there 
is provided a device for sampling data for fatigue analysis by 
the Rain?oW Method including means for A/D converting at 
predetermined intervals a strain signal from a strain detect 
ing means attached to an object for analyZing fatigue, means 
for sampling a peak of the A/D-converted strain signal and 
detecting a peak value thereof, means for sampling a valley 
of the A/D-converted strain signal and detecting a valley 
value thereof, means for calculating a difference betWeen the 
peak value and the valley value, means for counting the 
difference as a number of occurrences of any one of a 

predetermined plurality of levels in accordance With the 
amount of difference, a memory card detachably provided to 
a main body of the device for sampling data including at 
least the means for A/D converting of the strain signal, the 
means for detecting the peak value of the strain signal, the 
means for detecting the valley value of the strain signal, the 
means for calculating the difference betWeen the peak value 
and the valley value and the means for counting the 
difference, and means for Writing a value of the difference at 
each of the plurality of levels on the memory card. 

According to a second aspect of the present invention, 
there is provided a device for sampling data for fatigue 
analysis by the Rain?oW Method according to the ?rst 
aspect, further including means for storing a value of the 
A/D-converted strain signal at an initial loading state as a 
correction value, and means for correcting the A/D 
converted strain signal by the correction value in sampling 
data for fatigue analysis. 

According to the Rain?oW Method, various steps such as 
the sampling of the strain signal, extracting P/V values, 
stratifying the P/V values, calculating fatigue damage and 
the like are necessary. According to the present invention, by 
paying attention to the fact that the amount of data is 
signi?cantly reduced at the point Where the P/V values are 
strati?ed and the fact that processing up to the stratifying of 
the P/V values can be realiZed by comparatively simple 
algorithms, a circuit carrying out the operations ranging 
from sampling the strain signal up to stratifying the P/V 
values is provided in the main body of the device for 
sampling data for fatigue analysis. Data obtained by strati 
fying the P/V values is Written on the memory card detach 
ably provided on the main body of the data sampling device. 

In this Way, the device is kept small and light-Weight, thus 
simplifying handling such as attaching and carrying. The 
device can also be attached also to a rotating body. 
Furthermore, the amount of data to be stored per unit time 
is reduced and, accordingly, data can be sampled over a long 
period of time. 

Additionally, the value of the A/D-converted strain signal 
at the initial loading state is stored as a correction value, and 
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the A/D-converted strain signal is corrected by the correc 
tion value in sampling data for fatigue analysis Whereby the 
Zero point adjustment is automatically carried out. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an frontal outline perspective vieW shoWing an 
embodiment of a device for sampling data for fatigue 
analysis in accordance With the present invention; 

FIG. 2 is an rear outline perspective vieW shoWing the 
device for sampling data for fatigue analysis of FIG. 1; 

FIG. 3 is a block diagram shoWing an electric circuit of 
the device of sampling data for fatigue analysis illustrated by 
FIG. 1 and FIG. 2; 

FIG. 4 is a ?oWchart shoWing the processing of Zero point 
adjustment; 

FIG. 5 is a ?oWchart shoWing the processing of sampling 
data for fatigue analysis; 

FIG. 6 is an explanatory vieW for explaining calculation 
of the P/V difference; and 

FIGS. 7A and 7B illustrate graphs for explaining the 
Rain?oW Method. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIG. 1 is a frontal outline perspective vieW shoWing an 
embodiment of a device for sampling data for fatigue 
analysis in accordance With the present invention. FIG. 2 is 
a rear outline perspective vieW shoWing the device of 
sampling data for fatigue analysis of FIG. 1. 

The device for sampling data for fatigue analysis is 
constituted by a main body 1 of said device and a memory 
card 2 comprising SRAM (Static Random Access Memory) 
detachably mounted on the main body 1 of said device. As 
illustrated by FIG. 1, a start sWitch 4 instructing the starting 
of measurement, a start lamp 3 shoWing the starting of 
measurement, a Zero point adjusting sWitch 6 adjusting the 
Zero point of a strain gage, mentioned later, a Zero point 
adjusting lamp 5 shoWing the completion of the Zero point 
adjustment etc. are provided on the top of the main body 1 
of the device for sampling data for fatigue analysis. A card 
insertion slot 7 for inserting the memory card 2 is provided 
at the front of the main body 1 of the device of sampling data 
for fatigue analysis. Further, as illustrated by FIG. 2, a poWer 
source supply port 8 for supplying a poWer source voltage, 
strain gage connection ports 9a, 9b and 9c for connecting 
strain gages, mentioned later, and the like are provided at the 
back of the main body 1 of the device for sampling data for 
fatigue analysis. 

FIG. 3 is a block diagram shoWing an electric circuit of 
the device for sampling data for fatigue analysis illustrated 
by FIG. 1 and FIG. 2. A 3-line type strain gage 10 is 
connected to the strain gage connection ports 9a, 9b and 9c. 
The strain gage 10 constitutes one arm of a bridge circuit 11. 
That is, a bridge is constituted by the strain gage 10, a 
resistor 12, a resistor 13 and a resistor 14 and a constant 
voltage stabiliZed by a constant voltage element 15, for 
example, 2.5 V is applied betWeen a connection point P1 
connecting the resistor 12 and the resistor 13 and a connec 
tion point P2 connecting the strain gage 10 and the resistor 
14. The resistance values of the resistors 12, 13 and 14 are 
selected to be substantially equal to the resistance value of 
the strain gage 10 at no load and the electric potential of a 
connection point P3 connecting the resistor 12 and the strain 
gage 10 is substantially equal to the electric potential of a 
connection point P4 connecting the resistor 13 and the 
resistor 14. 
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4 
Output from the connection point P2 is supplied to a 

positive input terminal of a differential ampli?er 16 and an 
output from the connection point P4 is supplied to a negative 
input terminal of the differential ampli?er 16. As mentioned 
above, When the strain gage 10 is at no load, the electric 
potentials of both of the input terminals of the differential 
ampli?er 16 are substantially equal to each other and 
therefore, an output of the differential ampli?er 16 becomes 
Zero and When pressure is applied on the strain gage 10, and 
an output having a level in accordance With the pressure is 
generated. The output of the differential ampli?er 16 indi 
cates the strain signal representing the amount of strain. The 
output from the differential ampli?er 16 is supplied to one 
input terminal of an adder 18 via a loW pass ?lter 17 for 
removing noise. Also, a constant voltage is supplied from a 
constant voltage element 19 to the other input element of the 
adder 18. The input signal changing positively or negatively 
interposing the Zero point is converted to an output signal 
having one polarity by the adder 18 Whereby it can be 
processed by an A/D converter, mentioned later. 

The output from the adder 18 is inputted to an analog port 
of a CPU (Central Processing Unit) 20. CPU 20 incorporates 
an A/D converter Whereby an analog signal inputted to the 
analog port is converted into a digital signal and is processed 
in CPU 20. ROM (Read Only Memory) 21 in Which 
programs etc. are Written, and RAM (Random Access 
Memory) 22, Which is used as a Working area etc., are 
connected to CPU 20 via busses. Also, the start sWitch 4, the 
start lamp 3, the Zero point adjusting sWitch 6 and the Zero 
point adjusting lamp 5 illustrated by FIG. 1 are connected to 
CPU 20 via a bus. Furthermore, the memory card 2 is 
attachably and detachably connected to CPU 20 via a socket. 
To the poWer source supply port 8 of the above-described 

main body 1 of the device of sampling data for fatigue 
analysis, an AC adapter, not illustrated, is connected at 
locations Where a commercial poWer source is available and 
a battery, not illustrated, is connected at locations Where a 
commercial poWer source is not available utiliZed. 
Incidentally, electric current supply routes to the constant 
voltage elements 15 and 19 are not illustrated in FIG. 3. 

Next, an explanation Will be given of the operation of the 
above-described device of sampling data for fatigue analy 
sis. 

First, the strain gage 10 is attached to the object of 
measurement and is brought into a state of no load or a state 
Where a predetermined initial pressure is applied on the 
gage. Incidentally in this speci?cation, both states are 
referred to as the initial loading state. 

Next, the Zero point adjustment is carried out. FIG. 4 is a 
?oWchart shoWing processing of the Zero point adjustment. 
When the Zero point adjusting sWitch 6 is pushed (step 

101), CPU 20 measures a value of the strain signal currently 
supplied from the adder 18 to CPU 20, that is, a value S0 of 
the strain signal under the initial loading state (step 102), and 
determines a correction value C so that the value of S0-C 
becomes Zero When the correction value is set to C. That is, 
C=S0. Next, S0 is stored in RAM 22 as correction value C 
(step 103). For the operation thereafter, various calculations 
are carried out based on a value (S1—C) that is produced by 
subtracting the correction value C from a value S1 of the 
current strain signal from the adder 18 or a value S2 of the 
strain signal. The Zero point adjustment of the strain gage 10 
can automatically be carried out through softWare by the 
above described correction processing. When the processing 
of the Zero point adjustment is ?nished, the Zero point 
adjusting lamp 5 is turned on (step 104), Which informs the 
user that the Zero point adjustment has been ?nished. 
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Next, the sampling of data for fatigue analysis is carried 
out. FIG. 5 is a ?owchart showing the processing of sam 
pling data for fatigue analysis. Further, FIG. 6 is an explana 
tory vieW for explaining the calculation of P/V differences. 
When the start sWitch 4 is pushed (step 201), the start 

lamp 3 is turned on (step 202) thereby informing the user 
that the measurement has started. Next, CPU 20 samples 
strain signal data by sampling the value S2 of the strain 
signal at constant periods. CPU 20 extracts a peak of the 
strain signal (for example, P1 shoWn by FIG. 6) (step 203) 
and records the peak value P. Next, CPU 20 extracts a valley 
of the strain signal (for example, V1 shoWn by FIG. 6) (step 
204) and records the valley value V. Next, CPU 20 calculates 
an absolute value for the difference betWeen the peak value 
P and the valley value V (|P—V|) (hereinafter, referred to as 
P/V difference) (step 205). The Rain?oW processing, men 
tioned later, is carried out based on the data of the P/V 
difference (step 206). Next, a succeeding peak (for example, 
P2 shoWn by FIG. 6 ) is extracted (step 207) and the peak 
value P is recorded. Next, the P/V difference is calculated 
(step 208) and the Rain?oW processing is carried out based 
on the data of the P/V difference (step 209). Then the 
operation returns to step 204, samples a succeeding valley 
(for example, V2 shoWn by FIG. 6) and records the valley 
value V. In the folloWing, the above-described operation is 
repeated. 

Here, a simple explanation Will be given of the Rain?oW 
Method. FIGS. 7A and 7B are graphs explaining the Rain 
?oW Method. FIG. 7A indicates the relation betWeen time 
and strain and FIG. 7B indicates the relation betWeen strain 
and stress. 

The decomposition of Waveforms by the Rain?oW 
Method is executed by the folloWing procedure. 

Firstly, the time axis is set vertically and a change over 
time of the strain to be decomposed is regarded as a 
multiplexed roof structure 1-2-...-9 as illustrated by FIG. 7A. 
Imagine that a raindrop is made to How in the order of the 
number of peaks and valleys from the position of the root of 
each roof of a multiplexed roof structure. A raindrop falls 
and is stopped satisfying the folloWing three conditions. 
Further, a strain amplitude effective to fatigue is constituted 
by measuring horiZontal coordinates through Which a rain 
drop ?oWs until it stops, and by decomposing a strain Width 
having a siZe corresponding thereto. 

[Condition 1] A raindrop starts to How in the order of the 
numbers from the top of a roof and continues falling doWn 
to loWer roofs until one of stopping conditions is satis?ed. 

[Condition 2] (Stopping conditions) A rain drop that is 
falling from an eave stops falling When one of the folloWing 
tWo conditions is satis?ed. 

a) In the case of rightWard ?oWing: an eave of another 
roof is present on the left side of a start point of the 
raindrop ?oWing rightWardly. 

b) In the case of leftWard ?oWing: an eave of another roof 
is present on the right side of a start point of the 
raindrop ?oWing leftWardly. 

For example, according to FIG. 7A, With regards to a How 
to the right from a point 6, the raindrop falls at the eave of 
a point 7. HoWever, an eave 8 is present on the left side of 
the starting point 6 and accordingly, the raindrop stops 
?oWing at a time during Which it is falling from the eave 7. 

[Condition 3] When a raindrop is already ?oWing at a 
portion of a roof, the How of another raindrop is stopped at 
that portion. For example, the How of a raindrop on a roof 
5—6 With a point 5 as the starting point reaches a point 4‘ and 
is stopped there. 
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6 
In this Way the Waveform is decomposed from the model 

of the How of the raindrop, Whereby the strain amplitudes 
are determined. Here, the information of the change over 
time of the strain is processed by disregarding all of the 
time-sequential procedure among peaks and valleys. As a 
result, the strain amplitudes (P/V differences) and the fre 
quencies of these are sampled by considering only the siZes 
of peaks and valleys and the order of occurrences of these. 
When the strain Waveform is decomposed by the Rain 

?oW algorithm, the fatigue damage rate corresponding to 
each one of the strain amplitudes can be calculated by using 
the relation of Cof?n-Manson, or the conventional relation 
of S (Total strain Width value)/N (Number of time until 
rupture) or the like. Further, the accumulated fatigue damage 
rate With the time of starting measurement as an onset is 
provided by successively adding the fatigue damage rates 
Which are calculated at each time of inputting the strain 
Waveforms. According to Minor’s laW, the point Where the 
accumulated fatigue damage rate reaches 100% can be 
regarded as the theoretical point Where the rupture occurs. 
Therefore, the prediction of the fatigue is made possible. 
As described above, a simple explanation has been given 

of the Rain?oW Method. According to the above-described 
Rain?oW Method a plurality of levels in accordance With the 
magnitudes of the P/V differences are prepared and When the 
P/V difference occurs, it is counted as a number of occur 
rences to one of the predetermined plurality of levels in 
accordance With the magnitude of the P/V difference. The 
count values at respective levels are Written on the memory 
card 2. 

Accordingly, it is not necessary in this embodiment to 
store all the sampling values of the strain signals provided 
from the strain gage 10 but the count value for each level is 
Written to the memory card 2 When the P/V difference 
occurs. Therefore, the amount of data Written on the memory 
card 2 is signi?cantly reduced. Thereby, data necessary for 
measuring fatigue for a longer period of time can be sampled 
in respect of the memory card 2 having the same capacity. 

Additionally, the memory card 2 may be periodically 
interchanged and removed from the device for sampling data 
for fatigue analysis, and may be connected to a personal 
computer etc. provided at another location, Where the fatigue 
damage rate can be calculated based on the data in the 
memory card 2, that is, the count values for the respective 
levels. 
The folloWing effects are achieved by the present inven 

tion. 
(1) The amount of data to be stored per unit time is 

reduced and therefore, data can be sampled over a longer 
period of time. 

(2) The steps up to stratifying the P/V values in Rain?oW 
processing are carried out by a data sampling device and 
therefore, not only the calculation is simpli?ed but the 
circuit is simpli?ed. Thereby, the poWer consumption of the 
device is reduced and continuous measurement can be 
carried out over a longer period of time by using a battery 
on the market. 

(3) The entire device can be made to be small and 
light-Weight and therefore, it can be attached to a rotating 
body or operating machines and structures. 

(4) The fatigue damage rate can be calculated by using a 
personal computer etc. provided at another location, by 
using the memory card. 

(5) The Zero point adjustment can automatically be car 
ried out by storing the value of the A/D-converted strain 
signal at an initial loading state as correction value and by 
correcting the A/D-converted strain signal by the correction 
value in sampling data for fatigue analysis. 
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What is claimed is: 
1. A device for sampling data for fatigue analysis by the 

Rain?oW Method, comprising: 
means for A/D converting at predetermined intervals a 

strain signal from a strain detecting means attached to 
an object for analyZing fatigue; 

means for sampling a peak of the A/D-converted strain 
signal and detecting a peak value thereof; 

means for sampling a valley of the A/D-converted strain 
signal and detecting a valley value thereof; 

means for calculating a difference peak value and the 
valley value; 

means for counting the difference as a count value rep 
resenting a frequency of occurrences of any one of a 
predetermined plurality of levels in accordance With an 
amount of the difference; 

a memory card detachably provided to a main body of the 
device for sampling data including at least the means 

8 
for A/D converting the strain signal, the means for 
detecting the peak value of the strain signal, the means 
for detecting the valley value of the strain signal, the 
means for calculating the difference betWeen the peak 
value and the valley value and the means for counting 
the difference; and 

means for Writing said count value of the difference at 
each of the plurality of levels on the memory card. 

2. The device for sampling data for fatigue analysis by the 
Rain?oW Method according to claim 1, further comprising: 
means for storing a value of the A/D-converted strain 

signal at an initial loading state as a correction value; 
and 

means for correcting the A/D-converted strain signal by 
the correction value in sampling data for fatigue analy 
sis. 


